The crystalline quality of AlGaN/GaN heterostructures was improved by optimization of surface pretreatment of the SiC substrate in a hot-wall metal-organic chemical vapor deposition reactor. X-ray photoelectron spectroscopy measurements revealed that oxygenand carbon-related contaminants were still present on the SiC surface treated at 1200 o C in H2 ambience, which hinders growth of thin AlN nucleation layers with high crystalline quality.
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ABSTRACT
The crystalline quality of AlGaN/GaN heterostructures was improved by optimization of surface pretreatment of the SiC substrate in a hot-wall metal-organic chemical vapor deposition reactor. X-ray photoelectron spectroscopy measurements revealed that oxygenand carbon-related contaminants were still present on the SiC surface treated at 1200 o C in H2
ambience, which hinders growth of thin AlN nucleation layers with high crystalline quality.
As the H2 pretreatment temperature increased to 1240 o C, the crystalline quality of the 105 nm thick AlN nucleation layers in the studied series reached an optimal value in terms of full width at half maximum of the rocking curves of the (002) and (105) respectively. In addition to a correlation between the thermal resistance and the structural quality of an AlN nucleation layer, we found that the microstructural disorder of the SiC surface and the morphological defects of the AlN nucleation layers to be responsible for a substantial thermal resistance. Moreover, in order to decrease the thermal resistance in the short device life time due to severe self-heating [3] . Nevertheless, at least one interlayer is still required in the GaN-on-SiC system in order to wet the SiC surface facilitating GaN twodimensional growth. For this an AlN nucleation layer (NL) is commonly used [4, 5] .
Previously, substantial effort has been made to establish the correlation between the effective TBR (TBReff; the total thermal resistance contributed from the AlN NL and its interfacial regions) and the properties of AlN NLs through structural investigations using transmission electron microscopy (TEM) [6] [7] [8] . However, no detailed attention was paid to the interfacial conditions, particularly, the AlN/SiC interface, i.e. the SiC surface, which is of significance for the subsequent growth. In this work, we systematically studied the impact The structure quality of the epilayers was evaluated by the symmetric and asymmetric rocking curves (ω-scans) in high-resolution X-ray diffraction measurements (HR-XRD).
Thermal conductivity of the SiC substrates (κ_SiC) and the TBReff of the AlN NLs were 5 characterized by using a combined Raman thermography measurement and 3D finite element thermal simulation approach. The κ_SiC was measured to be 420 W/mK for the SiC substrates used in this study. TBReff was measured by the transient GaN temperature response at the centre of pulse-operated (pulse width 300 ns) ungated transistors with an active area of 5×100 μ m, using time resolved Raman thermography. Further details of the TBR measurement technique, the TBR extraction and design and processing of the transistor can be found in Refs. [1, 6, 7] . Also, atomic force microscopy (AFM) was used to characterize the morphology of SiC surfaces and AlN NLs. To identify the chemical composition of the SiC surface, the X-ray photoelectron spectroscopy (XPS) technique was utilized at beamline I311 at the MAX national synchrotron laboratory, Lund, Sweden. High energy resolution of less than 100 and 300 meV at photon energy of 140 and 750 eV, respectively, was utilized to collect the surface core levels spectra.
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III. RESULTS AND DISCUSSION
A. Influence of H2 pretreatment on the crystalline quality of AlN NLs and GaN BLs
Full width at half maximum values (FWHM) of the symmetric and asymmetric rocking curves for the AlN NLs and the GaN BLs in the HEMT samples are shown in Fig. 1. (a) . The peak widths of the (002) and (105) Fig. 1(a) . While we cannot rule out the possibility that the improved crystalline quality of the thin AlN nucleation layer was due to the increased AlN growth temperature, it is still reasonable to expect that the impact of the substrate surface condition is larger on the crystalline quality of the thin nucleation layers than the growth temperature effect. This argument is well supported by Ref. [10] . Furthermore, the surface morphology of SiC substrates after H2 etching at the temperatures 1200 ~ 1240 o C was also investigated as shown in Fig. 3 . Clearly, no morphological defects were observed in the case of the treatment at 1200 o C, but some pit-like defects along the step edges appeared 
B. TBReff of the AlN nucleation layer
The time-revolved Raman thermography was performed to extract the TBReff of the AlN NLs. Since the TBReff is temperature-dependent [7] , it should be noted that the all measurements were done at an interface temperature of GaN-SiC around 160 reported TBR values for standard GaN/SiC device structures [7] . Since the crystalline quality and the thermal conductivity of an AlN layer were shown to improve considerably along with increased thickness [8, 11] . An intriguing question arises: shall the thickness of an AlN NL be increased to reduce TBReff? The TBReff region acts as series thermal resistance between the GaN layer and SiC substrate. The crystalline property of the AlN NL vary within the layer, containing an initial region of higher defect density and lower thermal conductivity close to the AlN/SiC interface, improving through the layer thickness. Nevertheless, because the thermal conductivity of the AlN thin film is lower than that of the GaN and SiC [12] , increasing the total layer thickness will increase the effective thermal resistance between these layers. Therefore, increasing the NL thickness would not be an effective solution to 
